To compare the effect of Roux-en-Y gastric bypass (RYGB) surgery versus intensive medical diabetes and weight management (IMWM) on clinical and patient-reported outcomes in obese patients with type 2 diabetes.
Weight loss in obese patients with type 2 diabetes often results in improved glycemic control and a reduction in cardiovascular risk factors such as hypertension and dyslipidemia. However, ,10% of patients are able to maintain substantial weight loss using traditional dietary and lifestyle modification methods (1) (2) (3) .
In addition to these adverse metabolic and clinical outcomes, both obesity and type 2 diabetes adversely affect patients' self-reported health status and quality of life. Overweight and obese individuals report more physical and psychological distress that is typically associated with the severity of obesity. In type 2 diabetes, reduced health status and quality of life are often associated with the symptoms of poor glycemic control, glycemic variability, insulin use, and the presence of diabetes complications. Both conditions are associated with reduced activity, depressive symptoms, increased pain, impaired sexual function, poor sleep, and reduced work performance and social interaction (4) (5) (6) .
Recent clinical trials and cohort studies have demonstrated that bariatric surgery is highly effective in promoting sustained weight loss, improving glycemic control, and reducing cardiometabolic risk factors (7) (8) (9) (10) (11) (12) . Results are particularly impressive after Roux-en-Y gastric bypass (RYGB) surgery, although benefits are also observed after the gastric sleeve, laparoscopic adjustable gastric band, and other procedures. However, few prospective randomized studies have compared patient-reported outcomes after randomization to bariatric surgery versus an intensive medical management program to determine whether the approach to improve metabolic health is an important determinant of changes in self-reported health status, quality of life, and problems associated with managing diabetes.
Here, we report the 3-year results of the Surgery or Lifestyle With Intensive Medical Management in the Treatment of Type 2 Diabetes (SLIMM-T2D) studyda prospective, randomized, controlled clinical trial designed to assess the comparative effectiveness of bariatric surgery with medical management to improve glycemic control, reduce cardiovascular risk, and enhance patient-reported health status and quality of life in obese patients with type 2 diabetes (10). We compared RYGB with an intensive multidisciplinary medical diabetes-and weight-management program that incorporates diabetes medication adjustment to facilitate weight loss, structured modified dietary intervention, an individualized exercise program, cognitive behavioral intervention, and group education. Both interventions are clinically available at our institution and comparable at many others, suggesting that the improvements in the outcomes that we observed could be readily incorporated into standard medical practice.
RESEARCH DESIGN AND METHODS

Study Overview
The rationale, design, and methods, including recruitment, inclusion/exclusion criteria, randomization, intervention, and assessments through 1 year, have previously been published (10) . In brief, the SLIMM-T2D study was a randomized, parallel-group clinical trial to assess the feasibility of methods to conduct a larger multisite trial comparing the long-term effect of bariatric surgery versus medical management to improve glycemic control, cardiometabolic risk, and health outcomes in obese patients with type 2 diabetes (clinicaltrials.gov identifier NCT01073020). The study conformed to the Consolidated Standards of Reporting Trials (CONSORT) statement, and a diagram showing enrollment, randomization, and retention of the study participants is presented in Supplementary Data. The protocol was approved by the Partners HealthCare institutional review board, and an independent datamonitoring committee reviewed patient safety.
Major eligibility criteria included: 1) age 21-65 years for male or female sex; 2) diagnosis of type 2 diabetes for at least 1 year; 3) BMI of 30-42 kg/m 2 ; 4) HbA 1c $7.0% (53 mmol/mol) regardless of ongoing treatment, or $6.5% (48 mmol/mol) while receiving either two oral antihyperglycemic agents, at greater than or equal to half-maximal dose, or insulin, with a stable medication regimen for .8 weeks; and 5) no clinical or symptomatic evidence of significant cardiovascular or other diseases prohibiting safely exercising or undergoing a RYGB. Individuals were excluded if they had detectable levels of anti-GAD antibodies, a history of diabetic ketoacidosis, uncontrolled type 2 diabetes (HbA 1c .12% [.108 mmol/mol]), gastrointestinal disease, malignant disease within 5 years, significant cardiopulmonary or renal disease, an active eating disorder, impaired mental status, weight loss .3% within the previous 3 months, abused drugs/ alcohol, participated in another weightreduction program, or were using weightreducing medications and/or supplements. Participants had to be nonsmoking for .2 months. Additional information on the full inclusion and exclusion criteria has previously been published (10) .
Patients with a preference for a bariatric procedure other than RYGB were not enrolled. The RYGB procedure was performed at Brigham and Women's Hospital using standard operative protocols (10) .
Participants randomized to the medical arm of the study enrolled in the Why WAIT (Weight Achievement and Intensive Treatment) program, which is designed for clinical practice and conducted quarterly at the Joslin Diabetes Center for groups of 10-15 patients (13). The multidisciplinary approach includes an endocrinologist, registered dietitian, exercise physiologist, mental health provider, and certified diabetes nurse educator. Two-hour group sessions are conducted weekly during a 12-week initiation phase in which patients receive individual medication adjustments and participate in supervised group exercise and didactic sessions. Key aspects of Why WAIT include weekly medication adjustments; structured modified dietary intervention with a hypocaloric (1,500-1,800 kcal) diet; up to 300 min/week of graded, balanced, and individualized exercise with emphasis on strength training; cognitive behavioral therapy; and group education. Antidiabetes medications were adjusted according to an algorithm designed to reduce or eliminate medications known to be associated with weight gain or hypoglycemia while initiating or increasing doses of medications that are weight neutral (10, 13) . None of the patients received anti-obesity medications during the study. A maintenance phase of individual monthly counseling is provided for the next 9 months, for a total intervention period of 1 year.
Randomization was computer-generated in centrally allocated blocks of four, stratified by BMI $35 and ,35 kg/m 2 . Both groups returned to usual care following intervention and follow-up after 1 year was observational.
Metabolic Outcomes
Metabolic assessments were performed at baseline and repeated at 10% of initial body weight loss to obtain measurements at a comparable level of weight loss in both groups. If 10% weight loss did not occur by 3 months, metabolic assessments were performed at that time. Metabolic visits were also conducted at 12, 18, 24, and 36 months to obtain a timebased comparison. Assessments included weight, height, waist circumference, seated blood pressure using an automated device (BP742; Omron Healthcare), and medication doses. Clinical laboratory tests (performed by Quest Diagnostics) included HbA 1c , fasting plasma glucose, total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides, microalbuminuria, renal function, liver function, and hematology. Body composition was assessed by bioelectrical impedance (TBF-215; Tanita Corporation). A 6-min walk test was performed. The UK Prospective Diabetes Study (UKPDS) Risk Engine was used to calculate risk of fatal and nonfatal cardiovascular events and stroke (14) .
Patient-Reported Outcomes
Self-reported health outcomes were determined using the following validated instruments: 1) the 36-Item Short-Form (SF-36) survey, a generic health status instrument comprising two component scores (physical health and mental health) and eight scales (physical functioning, role-physical, bodily pain, general health, vitality, social functioning, roleemotional, and mental health) (15); 2) Impact of Weight on Quality of Life (IWQOL)-Lite, a 31-item disease-specific quality of life instrument comprising five scales (physical function, self-esteem, sexual life, public distress, and work), for which higher scores indicate greater impact (5); and 3) Problem Areas in Diabetes Survey (PAID), a 20-item questionnaire that assesses difficulty with diabetes selfmanagement, emotional distress, eating behaviors, and other issues related to diabetes management, for which a higher score indicates more problems (16) .
A structural equation model was developed to examine the effects of changes in weight and HbA 1c on changes in the latent construct "quality of life." Previous studies have demonstrated that improvements in glycemia, particularly reduction in HbA 1c and glucose variability, lead to improved quality of life (17, 18) , but the relative contributions of weight loss versus improved glycemic control to the improvement in quality of life are not clear. Change in quality of life was measured as the differences between baseline and 1 year values in the total scores on the SF-36, PAID, and IWQOL instruments.
Statistical Analyses
The primary outcome was achievement of glycemic goal, defined as fasting plasma glucose levels ,126 mg/dL and HbA 1c ,6.5% (48 mmol/mol) at 1 year of follow-up, regardless of whether patients were using pharmacological interventions. Longer time interval observational follow-up was conducted to assess durability of effects and emergent differences. The primary analysis was intention to treat and involved all randomly assigned patients who received at least one postrandomization assessment. Follow-up was prespecified to be censored at the time of bariatric surgery for those who were randomized to medical intervention but subsequently underwent surgery. Sample size was estimated assuming that RYGB would result in resolution of hyperglycemia in 80% of the patients and medical management in 20%. Twenty participants per group provided 97% power to detect a significant difference between groups with a = 0.05. Baseline results are presented as mean 6 SD and outcome data as mean (95% CI) or median (interquartile range).
Dichotomous and continuous variables were analyzed using logistic regression and longitudinal linear mixed-effects models, respectively, to test the null hypotheses of equal resolution between groups of the respective outcome adjusting for baseline, unless noted otherwise. Dichotomous end points were considered to have not been attained if data were missing. Fisher exact test was used if fewer than five events were expected for a specific clinical end point. For the mixed-effects model, the fixed effects were "time" and "treatment group," both of which were treated as categorical, and the random effect was "patient." Where data are presented as a change from baseline, the baseline value was included as a covariate. Because our primary hypothesis involved comparisons between the two groups, we present the P value for the "treatment group" effect in the table and have used a footnote to designate when the "time 3 treatment" interaction effect was also significant. The within-group change from baseline was a prespecified contrast at each time point obtained from the mixed-effects model.
RESULTS
Participants
A detailed description of the screening, enrollment, randomization, intervention, and retention procedures has previously been published (10) . Briefly, 822 potential participants received a telephone screening interview, 148 subsequently attended an orientation session, and 93 underwent full medical screening. Forty-three participants were randomized to surgical (RYGB [n = 22]) or medical (intensive medical diabetes and weight management [IMWM] [n = 21]) therapy. Before any intervention, three participants withdrew consent, one received a diagnosis of breast cancer, and one received a diagnosis of severe depression; these five individuals were not included in the baseline data or any analyses. Nineteen patients were included for analysis in each group. Baseline demographics are presented in Table 1 . The two groups were similar in age, sex distribution, race/ethnicity, proportion with BMI ,35 kg/m 2 , and duration of diabetes.
Primary End Point at 3 Years
After 3 years, eight patients (42%) in the RYGB group achieved study-defined glycemic goals (HbA 1c ,6.5% [,48 mmol/mol] and fasting plasma glucose ,126 mg/dL), and seven of these eight patients were receiving no antidiabetes medications at that time. In contrast, no patients in the IMWM group achieved this glycemic end point (P = 0.005 vs. RYGB) ( Table 1) .
Clinical, Metabolic, and Laboratory Measures
In evaluation of additional key metrics of clinical interest, the surgical group also had a higher percentage of patients achieving HbA 1c ,7.0% (,53 mmol/mol) (58% vs. 11%; P = 0.011). Rates of LDL cholesterol ,100 mg/dL, systolic blood pressure ,130 mmHg, and additional definitions of normoglycemia based on fasting glucose or HbA 1c alone were not different between groups (Table 1) 5 (26) 13 (68) 5 (26) 11 (58) 2 (11) 0.011
Direct LDL cholesterol ,100 mg/dL 15 (79) 9 (47) 10 (53) 8 (42) 8 (42) 6 (32) 0.300
Systolic blood pressure ,130 mmHg 16 (84) 11 (58) 14 (74) 5 (26) 8 (42) 6 (32) 0.300
Meeting all three goals 11 (58) 1 (5) 7 (37) 3 (16) 2 (11) 1 ( The RYGB group also had greater improvements in triglycerides and HDL cholesterol, although change in LDL cholesterol was not different between groups (Table 1 ). The reduction in systolic blood pressure was greater after RYGB (P = 0.011), but diastolic blood pressure changes were more variable and did not differ between groups. The changes in projected 10-year risks of fatal and nonfatal coronary heart disease and stroke as determined by the UKPDS risk equation were all lower in the surgical group compared with the medical management group. The surgical group also had greater reductions in the number of antidiabetes, antihypertensive, and lipid-lowering medications (all P , 0.001) compared with IMWM.
Patient-Reported Outcomes
Self-reported health status assessed by the SF-36 showed that both groups had improvements in the total, physical component, and mental component scores over the 3-year follow-up, but there were no significant differences between groups ( Fig. 2A-C) . PAID improved in both groups, but again there were no differences between RYGB and IMWM (Fig. 2D) . In contrast, there was significantly greater improvement exhibited for IWQOL after RYGB than after IMWM (P , 0.001) (Fig. 2E-J) . This effect was largely due to changes in the physical function scale, with lesser beneficial changes also observed for self-esteem and work performance.
A structural equation model was constructed to examine the impact of changes in weight and HbA 1c on the latent construct "quality of life," as measured by changes in scores on the SF-36, PAID, and IWQOL (Fig. 3) . The b-coefficients shown in Fig. 3 demonstrate that reduction in weight had a much greater impact on the improvement in perceived quality of life than reduction in HbA 1c . Reduction in weight was also strongly associated with a lowering of HbA 1c . Among the three primary instruments used to measure the latent construct, the strongest relationship was manifest as changes in IWQOL, with lesser contributions due to improvements in PAID and SF-36.
Complications and Serious Adverse Events
Serious adverse events, defined by U.S. Food and Drug Administration criteria (see Supplementary Table 1) , were more common among RYGB, including multiple gastrointestinal surgical procedures. A total of four patients had gastrointestinal surgeries. Two participants had one gastrointestinal surgical procedure each: one for cholecystectomy and the other for lysis of adhesions. Two patients had repeat gastrointestinal surgical procedures. One participant had two procedures for marginal ulceration and a cholecystectomy after a hospitalization for cholecystitis, and the other had two procedures for lysis of adhesions. One patient previously randomized to IMWM was successfully resuscitated from a witnessed cardiac arrest. There were no deaths in either group. All patients who experienced adverse events were included in the final analyses.
CONCLUSIONS
This study demonstrates that RYGB leads to clinical improvementsdincluding a higher percentage of patients achieving nondiabetic range glycemia, greater improvement in HbA 1c and fasting plasma glucose, and greater weight lossdover 3 years when compared with a medical diabetes-and weight-management program in surgically appropriate patients with type 2 diabetes and mild-to-moderate obesity. Additional cardiometabolic benefits include reduced systolic blood pressure and triglycerides and increased HDL cholesterol, with improvement in 10-year risks of fatal and nonfatal coronary heart disease and stroke. Importantly, all of these changes were accompanied by significant reductions in the number of antidiabetes, antihypertensive, and lipidlowering medications. While both groups realized improvement in several patientreported quality of life measures, the impact of weight on quality of life improved more after RYGB.
At enrollment, all study participants were receiving treatment for diabetes from a physician not connected to the randomized trial. Despite almost all patients using one or more diabetes medications, baseline HbA 1c levels averaged 8.5% (69 mmol/mol), suggesting a need for additional intervention. Randomized comparative effectiveness trials help inform clinical decision making. Our current report provides evidence for durability of metabolic change after surgical compared with medical intervention and contributes to a growing body of observational (19) (20) (21) (22) and small randomized (7-9,11,12,23) studies. Taken together, these studies support metabolic surgery as a treatment option for diabetes management, with better effects of surgery than medical management for glycemic control, weight loss, and potential reduction in complications associated with type 2 diabetes (rev. in 24, 25) . Importantly, these metabolic improvements occur in the setting of lower medication burden and low surgical risk.
Furthermore, approximately one-third of our study participants had class 1 obesity (BMI 30 to ,35 kg/m 2 ), for which data are sparse (26) . Information on patients with low BMIdanalyzed in the context of other randomized studies, each contributing small numbers of patients with lower-range BMI (27)dbegins to provide level 1A evidence that surgery may be appropriate for type 2 diabetes management even when excess weight is less severe. These findings support the recent American Diabetes Association guideline to consider metabolic surgery in the treatment of obese patients with type 2 diabetes when hyperglycemia is inadequately medically controlled in appropriate surgical candidates (28) .
Our medical intervention cohort achieved a sustained weight loss of 5.2 kg at 3 years, demonstrating the effectiveness of the medical intervention for obesity treatment. Sustained weight loss may have been achieved by lifestyle changes and/or use of newer diabetes medications that are weight neutral or promote weight loss. To date, multiple small randomized studies have compared metabolic surgery with a more intensive medical management than would typically be considered standard of care (7) (8) (9) 11, 12, 23) , suggesting that even greater benefits might be realized with surgery in the real-world setting. Reasons for recidivism in glycemic control in the setting of new effective medications for diabetes management are likely multifactorial, and more understanding of barriers to care is needed.
Cardiovascular disease remains a major cause of morbidity and mortality in obese patients with type 2 diabetes (29) . Notably, estimated cardiovascular risk, calculated using the UKPDS risk engine designed for patients with type 2 diabetes (14), was lower after RYGB compared with IMWM, consistent with findings of large controlled outcome studies (17, 30) . Further studies are still warranted to provide long-term effectiveness and to measure microvascular and macrovascular outcomes.
The current results also expand our understanding of the potential benefits of bariatric surgery in obese type 2 diabetes on patient-centered outcomes. Many previous observational studies have demonstrated that weight loss achieved by diverse meansddiet, lifestyle modification, or surgerydimproves self-reported health status and quality of life (2) . However, few, if any, of these studies have measured both health status and quality of life, and used both generic and diseasespecific measures, within the context of a single randomized clinical trial.
In other published trials comparing bariatric procedures (RYGB, gastric sleeve, or gastric band) with lifestyle interventions, the SF-36 has typically demonstrated improvements in physical health and, less consistently, in mental health scores in both groups, although the benefits were often greater after surgery. We observed significant and comparable improvements in both intervention groups, which may be partially due to the intensive and comprehensive nature of our lifestyle program. It should be noted that the SF-36 generally has better discriminative properties (detecting differences between groups of people) than evaluative properties (detecting change over time), except when the change in health status is large, as it was in our study.
In contrast to the SF-36, the IWQOL is a disease-specific quality of life instrument that may be more sensitive to detecting change over time due to weight loss (5) . All of the subscales improved in both groups, and the changes were significantly greater in RYGB versus medical and lifestyle intervention for physical functioning, self-esteem, and work performance. It is notable that the medical and lifestyle group achieved measurable benefit despite substantially smaller weight loss, suggesting that even modest weight loss improves the patients' perception of their health and performance in personal, social, and work-related roles (31) . Problem areas in diabetes also improved in both groups over the course of the study, with somewhat greater benefit in the RYGB group. However, these changes were not associated with changes in HbA 1c , which was substantially better after surgery compared with the IMWM group. This lack of concordance between patients' perception of the problems encountered in diabetes management and the actual results achieved in the IMWM group may be due to factors such as the changes in classes of antidiabetes medications used in the setting of increased availability of newer pharmacological agents or overall improvement in well-being and self-esteem achieved after the medical and lifestyle intervention itself.
When all of these measures were modeled simultaneously using a structural equation model, the reduction in weight had a much greater impact on quality of life than did improvement in HbA 1c (Fig.  3) . This is not entirely unexpected, as substantial loss of weight has beneficial effects on multiple aspects of physical and mental health, but does add further support to the use bariatric surgical procedures in diabetes management.
Adverse events were numerically more common after RYGB, but the number of participants and duration of follow-up limit interpretation of these risks. Our study is limited by the small sample size, intermediate duration of follow-up, heterogeneous population (both insulin and oral hypoglycemic agents), and few cardiovascular events. Participants in our study had relatively long duration of diabetes, high use of insulin, and high HbA 1c at study entrydall consistent with lower likelihood of achieving remission after metabolic surgery (22, 32) .
Our study adds to a growing body of work showing metabolic and cardiovascular benefits of RYGB, even compared with an intensive multidisciplinary, multimodality medical diabetes and weight intervention. Our randomized trial also adds to the relatively scant existing data to support use of metabolic surgery in surgically appropriate patients with less severegrade obesity and supports the recent American Diabetes Association guidelines to consider metabolic surgery in this setting. While surgery is not without adverse events, improved patient-reported outcomes provide further evidence that serious consideration be given to RYGB for treatment of diabetes in obese patients. Finally, our study demonstrates the relative importance of weight compared with other metabolic measures on the patient's perception of quality of life.
